Abstract-The increasing pressures faced by manufacturers, the shortening of innovation cycles and the growing importance of high-efficiency manufacturing demand a higher versatility of factory automation. In order to achieve this target, engineering tasks currently performed manually need to be automated. In this case, ontologies emerge as a significant method for representing manufacturing knowledge in a machine-interpretable way. This knowledge can then be used by automated problem-solving methods to reconfigure the control software that coordinates and supervises manufacturing systems. Besides, Ontology can play a very important role in the process of creating as well as managing the knowledge. This paper addresses the important issues in developing domain-specific ontology for manufacturing used in industry 4.0 demonstration production line. A generic ontology is developed considering all the aspects about product from customized order to resulting production.
INTRODUCTION
Industrial manufacturing has present a rising tendency in economic factors. While Internet technologies influence the daily life and open up new business fields for consumer, the domain of industrial manufacturing is getting more and more difficult to enter. However, in recent years, the main trends like globalization and dynamism of product life cycles require companies to be more and more agile and flexible. Production equipment and processes have to be adapted much more quickly to new products and product variants. Modularization and reuse of manufacturing equipment is one central approach to address those issues [1] . In order to deal with the problem about heterogeneity, ontologies emerge as well as play an increasingly important role to seamlessly integrate business processes with technical processes.
Ontologies are being used widely to provide semantically abundant vocabularies and metadata for expressing and discovering information. The reason for popularity of ontologies that they provide shared and common understanding of some domain which can be communicated across people and computers [2] . In order to be efficiently retrieved, the information should be described in a way amenable to processing. Most of the current information retrieval methods are based on keyword representation. This approach proves to be inefficient while dealing with the semantics of information. It does not give the conceptual content of documents.
In order to accomplish most of the works that are currently fulfilled in a manual way by engineers, it is very necessary for all the knowledge contained in technical specifications and engineering know-how to be given in a machine-interpretable format, so that many of the problem-solving means could become more automatic. Ontologies have recently emerged as a strong candidate to represent different sources of knowledge used in factory automation in a reusable and modular approach. Most of ontology development methods developed for handling manufacturing difficulties scarcely ever refer to the whole life cycle of the product. A manufacturing ontology is given which covers the entire process of the production from order to the completed product in this dissertation.
The paper is organized in four sections. Section 2 introduces the state of the art. Some background knowledge is give in Section 3. Section 4 gives a brief illustration about our production line. In Section 5 the issues in ontology development and proposed work has been discussed. In the last section, the article concludes with a short summary and an outlook for future work.
II. STATE OF THE ART
For many research areas ontologies are very valuable because they play significant role in analysis, modeling and implementation of the domain knowledge. The use of ontologies in the manufacturing domain has evolved over the last 10 years starting since the inception of the Process Specification Language (PSL), developed by NIST [3] .
This section reviews some of the most prominent applications of ontologies in the manufacturing domain. The methods can be classified into the following three aspects:  Design support systems, which utilize ontologies to guide the design process of manufacturing systems.  Multi-agent systems (MAS), which use ontologies as a shared vocabulary for inter-agent communication for production planning and scheduling. Within the domain of MAS, ontologies have been used as a way to provide a share vocabulary that agents can use to construct messages and conversations [4] . An example ontology that is used in a multi-agent context is the Manufacturing Ontology in the ADACOR (ADAptive honolic COntrol aRchitecture for distributed manufacturing systems) [5] .  Serviced-oriented systems, in which equipment offer processes as web services that are described by ontologies. Process-oriented semantic web service can be dynamically discovered, selected, composed and invoked. Service-Oriented Architecture has already been adopted for device to dynamically publish and locate processes encapsulated as web services, and to the use of ontologies to describe those Web Services [6] . Ontologies can be used to dynamically discover, select and compose semantic web services, and the automatic composition of services will be realized eventually.
The connection of ontologies and web services has already been put forward in some European projects, such as SOCRADES (Service-oriented Cross-layer Architecture for Distributed smart Embedded Devices) and SODA (Serviceoriented Device Architecture).
Ontologies, as the basic of semantic technologies, play an important role in manufacturing domain for the following reasons: (1) They enable interoperability of autonomous agents, especially dynamic process planning and scheduling. (2) Ontologies can be used to design support for manufacturing equipment. (3) Dynamic system configuration use domain ontologies to derive required processes and semantic web services.
III. BACKGROUND
Semantic web is a new form of web content that is meaningful to computers [7] . It is an extension of the current web, and aims at realizing resource sharing and reuse across heterogeneous and even cross-platform applications and systems.The rationale is to convert the currently unstructured and semi-structured collection of Web documents into a 'web of data' , where the underlying semantics are expressed in a formal and machine-understandable way. Within this vision, ontologies play a key role, providing consensual and formallydefined terms for describing resources in an unambiguous manner [8] . Besides, ontologies are very prevailing to be used for knowledge representation.
Semantic web technologies have already increased their interest towards the preservation and dissemination of knowledge from many domains. Ontologies, as the foundation of semantic web, are one of the most important technologies about it. Ontologies define basic terms, relations between the terms of a domain of interest, and rules of inference. They have been established as one of the key backbones of the semantic web to enable knowledge sharing, and a growing number of applications have benefited from the use of ontologies.
There are a number of definitions given for ontology, but one that characterizes best is "An ontology is a formal, explicit specification of a shared conceptualization" [9] . A conceptualization refers to an abstract model of some phenomenon in the world by having identified the relevant concepts of that phenomenon. 'Explicit' means identifying the type of concepts used, and the constraints on their use are explicitly defined [9] . It will take a long time to develop a ontology depending on a lot of factors, but the ultimate goal is the precise description of a certain domain of interest.
Nowadays, numbers of ontologies are effective to be used. They are all based on the same idea of acquiring explicitly static knowledge about some domain, however they also vary considerably [10] .
 For capturing knowledge about a particular domain (e.g. digital, medical, chemical, electronics, etc.), domain ontologies are used.  Applicability across several domains is achieved with generic ontologies.  All the necessary knowledge for modeling a particular domain, application ontologies are used.  Some ontologies provide representational entities without stating what should be represented. These are known as representational ontologies.
IV. INDUSTRY 4.0 DEMONSTRATION PRODUCTION LINE
Although various demonstration systems of factory automation have been developed for manufacturing, most of them have a lot of similarities on their main components and functions. Based on that fact, we use more generic model that combine concepts, functionality as well as technologies of manufacturing. The demonstration system that we use can be seen in Figure 1 and the physical structure of the demonstration production line is shown in Figure 2 . This system imitates a car production process aiming at building a decoupled and reconfigured discrete manufacturing system, so that it can make the manufacturing system much more flexible and dynamically adjust the production task according to the plan and order. A consumer can release production order on the web according to user need, the production line will produce the specific kind of cars, such as the color and type of automobile. The system is divided into seven parts, the brief figure of the production line is given in Figure 3 . And the control structure is shown in Figure 4 , it is used to build the relationships between entities. The roles of workstations are described as follows:
A. Initialization
This workstation is designed for initializing the whole manufacturing process, it is completed by RFID, which is used to store order information and production processes.
B. Underpan Configuration
When a pallet arrives at this workstation, a robot will select the required underpan from the storage according to the purchasing order, and put it on the pallet.
C. Body Configuration
A KUKA robot will configure car body followed the production plan.
D. Vehicle Scanning
The elementary car model is scanned in order to make sure the accurate configuration.
E. Window Milling
This component consists of two process model. One is a fixed milling workstation and the other is removable milling workstation which is up on a AGV. The main task of this component is responsible to mill the window of a car adapted to the produced type.
F. Quality Check
This workstation consists of a detection model of product defect, and play a role of checking the quality of the configured vehicle based on the visual feature acquired from the production line, estimate whether it meets production requirements and decide the route of the pallet.
G. Artificial Repair
If the vehicle does not meet the quality requirements, artificial repair will be involved, and the operator can repair the defective product following order and instruction book. 
H. Product Completion
If the vehicle pass the process of Quality Check, the required order is completed. A UR robot will put the finished car into the warehouse. The first thing that should be done when developing an ontology for the manufacturing domain is the common concept that is involved in all major portions of knowledge specification. We can obtain all the knowledge by consulting domain experts and referring to relevant knowledge base. To begin with we have identified five important ontologies namely base, device, process, parameter and product ontologies. The relationships among the five ontologies is shown in Figure5. The tool used for development of ontologies is Protégé [11] . Protégé is a free, open source ontology editor, and it is one of the most widely used ontology development tools that was developed at Stanford University. Ontologies and knowledgebases can be edited interactively within Protégé and accessed with a graphical user interface and Java API. We have divided our proposed work in the following sections:
A. Base Ontology
The base ontology is the core of our domain ontology, it provides the framework in which the other modules can be linked together in a way that the whole domain level profits from the interaction of them. To this end, the base ontology integrates further sub-ontologies using the OWL-import mechanism. Beside the four concepts imported from other ontologies, a concept named Order is built for our production line, which is used for releasing production order according to the user need. The relationships between the imported ontologies is shown in Figure 7 . Besides, it also expresses the properties which is defined in ontology development. 
B. Device Ontology
Traditionally, machines used in manufacturing were large, monolithic pieces of equipment. The drives for flexibility and reconfiguration as well as time and cost pressures have led to developing machines from modular subsystems and mechatronic devices which provide different operations. The device ontology contains a collection of equipment categories in the domain of production automation and manufacturing technology. The device categories are represented in a taxonomic structure. 
C. Process Ontology
The process ontology represents a structure of operations which can be performed by technical equipment. Similar to the equipment module it contains a basic taxonomy. On top of the taxonomic structure it provides relational information of aggregated functions. These relations are modeled through the definition of elementary functions, which cannot be derived further by means of functional decomposition, and composite functions, which in contrast can be expressed as an aggregation of elementary functions. 
D. Parameter Ontology
The parameter ontology provides the illustration of nonfunctional properties. which can be divided into three categories: quality of service parameters, characteristics which are intrinsic for a device and context-dependent information. 
E. Product Ontology
Conceptual specifications of products typically include both geometric information and non-geometric information. The hierarchical classification of concepts varies, and some ontologies may even place the same concepts in several parallel tree-like structures. Regardless of the adopted hierarchy model, certain product concepts that are specified in ontologies are predominant. 
F. Property Definition
When we developed the ontologies, there are two types of properties that should be determined, data property and object property.
The definition of object property is based on the relationships between classes that are lied on the manufacturing system requirement. In our manufacturing ontologies, base ontology gives the relationships between all other ontologies, so the object properties in Base Ontology is given in Table 1 . Other object properties and data properties is omitted in this dissertation. In this paper, manufacturing ontology based on Industry 4.0 demonstration production line is developed. Ontology emerges as the state-of-the-art mechanism to represent manufacturing domain knowledge in a modular and reusable approach. The experience gained during the development phase, highlighted the difficulties to build, maintain and modify proprietary ontologies to be used by heterogeneous manufacturing control application.
Service-Oriented Architecture will be used to build an abstract model for our Industry 4.0 demonstration production line, the ontologies developed can be used to dynamically discover, select, compose and invoke semantic web services, and the automatic composition of services will be realized eventually.
